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REFERENCE TO RELATED APPLICATION 

Thl s application claims the benefit of U.S. Patent Application 
Serial No. 60/118,615 filed February 4, 1999, which is hereby 
incorporated by reference in its entirety. 

FIELD OF THE INVENTION , 

The present invention relates generally to osteogenic 
compositions. .Specifically, the present invention relates to an 
osteogenic sponge composition effective for the inducuon of. new 
bone growth in animals. 

BACKGROUND OF THE INVENTION 

, ' Bone grafting has been commonly used to augment healing m 
*, treatmentof a broad range of musc Ul os k eletal d.sorders. Th 
pr0 cedure has several disadvantages. " 7^ 
Lined from donors of the same species, such as an a ograf^n 
increased risk of d.sease transmission and immune reacuon «.*. 
5 Bone material surgicaUy removed from the patient, known as an 
autograft, is also undesirable because a sufficient amount of 
Znous bone may not be available and the additional s Urg ery 
n „ to obtain the autograft increases ^k ^ 
Due to the need for safer bone graft materials, enor 
30 directed to finding bone graft substitutes. Candidate compo^on 

inc ,ude coUagen and a bioceramic, such as 

npnK flre ^ chief structural materials in bone tissue, 
these components are me cmci o 

Bioceramics provide a porous matrix which encourages some new 
- bon e growth but, when used in powdered form, g>ve nse to foreign 
35 body-giant cell reactions. Other composes .nclude 
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demoralized bone powder and coUagen. The osteogen, po enUal 
! f these compositions have been found to b e less than sa.sfa t ^ 
The discovery of osteogenic factors and their apphcauon to bon 
graft substitute compositions- has increased the effectiveness of the 
Ive-mentioned compositions. Although many prep— 
purport to be effective in bone repair in vertebrates, mcludmg 
Ser animals such as primates, most of the experimental don 
11 the compositions have invoived lower animals, such as mtce 

^ntght of this background, there rem*ns ; a need for improved 
osteogenic compositions and methods that effectively .nduce bone 
growth in higher animals, including pnmates. 
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SUMMARY OF THE INVENTION 



^ h e invention provides in one preferred en.bod.ment ^ 
osteogenic sponge composition useful for the inducuon of new bon 
11 in a mammal. This composition includes a resorbable 
loC matrix material and an osteogenic factor, preferably one 
* preferably stimulates osteoblasts and osteoclasts^ -d 
loglnic factor incorporated m the sponge ^tenal. Th 
resorbable sponge matrix material » des,rably a three 
Lensionally stable yet flexible material, facilitating .ts use as „ 
imp ,ant The osteogenic factor is usually mcorporated ,n an 
impianu. r .=orotion of said sponge 

amount that causes an increased rate of resorption * 
latrix material in a mammal. The composition also mcludes a 
^ticulate mineral having an average particle ^eter of at e^t 
about 0.5 mm embedded in the resorbable sponge matnx 
Iherein the particulate mineral present in a weight rauo o at l a 
4-! relative to the resorbabie ; sponge matnx matenal so as^o 
provi de a scaffold for bone ingrowth in the presence of to 

teogenic factor. More preferred compositions are even rno 
I! hly 8 m— , for example where, to pa— mmeraU 
present in a weight rat, of at least a „ 
resorbable sponge matrix material. The parucu! 
d esirably formed of a syntheuc calcium phosphate ^ or 
hone especially cortical bone. The osteogen* factor » most 
pll^ BMP 2 or L MP, or comprises a nucleoude seance 
encoding BMP-2 or LMP. 

Another embodiment of the present invention provides a method 

■ ... The method includes a first 
for inducing bone growth m a pnmate. The metho 
, step of providing an osteogenic sponge compos ltl on havmg a 
.: esorbable sponge matrix material and an osteogen, «oM£ 
stimulates osteoblasts and osteoclasts incorporated ,n the sponge 
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matrix material in an amount that causes an increased rate of 
resorption of the sponge mat™ materia! in the primate. ParUcu.ate 
mineral having an average particle diameter of at least about 0.5 
mm is embedded in said resorbable sponge matrix matenal and 
present in a weight ratio of at least 4:1 restive to the resorbable 
sponge matrix material, so as to provide a scaffold for bone 
ingrowth in the presence of the osteogenic factor. This osteogenic 
sponge composition is implanted in the primate in a void in wh.cn 
bone growth is desired, with the osteogenic sponge compos.tron 
providing a scaffold for a duration sufficient., for osteoid ingrowth 
through the void. Particularly preferred methods involve bone 
ingrowth to attain spinal fusions in humans. 

Another preferred embodiment of the invention provides an 
osteogenic sponge composition effective for the induction of new 
bone growth in a mammal (especially a primate) that includes 

a carrier consisting essentially of a resorbable sponge matnx 
with particulate mineral embedded in the resorbable sponge 
matrix, wherein the particulate mineral is present in an amount 
constituting at least about 95% by weight of the earner. An 
osteogenic factor that stimulates osteoblasts and osteoclasts U 
incorporated in said carrier. 

A still further aspect of the invention provides a highly 
mineralized sponge implant device consisting essentiaily of a 
resorbable sponge matrix formed of collagen and having particulate 
biocompatibie mineral embedded within said matrix. In th» 
embodiment, the device is comprised 1% to 3% by weight of the 
collagen and 97% to 99% by weight of the particulate 
biocompatible mineral. In another inventive feature, an osteogen. 
. " factor can be incorporated in such an implant. 
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-* further embodiment of the invention provides an interbody 
spinal fusion device that include, a load bearing member sized for 
insertion between adjacent vertebrae and any one of the 
aforementioned compositions retained by the load bearing member 
Such fusion devices can be used in inventive interbody spmal 
fusion methods mammals, wherein the devices are appropnately 
implanted to facilitate spinal fusion. 

A particular feature of the present invention relates to the 
discovery that the inclusion of an osteogenic factor, especially an 
osteoblast- and osteoclast-stimulating osteogenic factor, in a 
resorbable sponge composition causes a substantially accelerated 
resorption of the sponge. This rapid resorption can dirmmsh or 
eliminate the capacity of the sponge composition to effectively 
stimulate and support new bone formation in a void filled -*h the 
sponge composition. This is particularly the case in pnmates, 
including humans, in which the rate of new bone formation >s 
relatively slow. Objects of the present invention are to prov.de 
osteogenic sponge compositions effective for the induction of bone 
growth in mammals, particularly primates, including humans, and 
related methods and devices. These and other objects and 
advantages of the present invention will become apparent upon 
reading the descriptions herein. 
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BRIEF DESCRIPTION OF THE FIGURES 

FIGS 1 and 2 depict a digitized images of computerized 
FIGs. 1 an h post erolateral spinal fusions 

srrrr^-^ 

inferior transverse processes). 
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DESCRIPTION OF THE 'PREFERRED EMBODIMENTS 

^r, a an understanding of the 
For th e purposes of fee made t0 preferred 

princip.es of the invention, reference s no ^ 

embodiments and specific « wUi be ^ ^ 

it wiil nevertheless be understood that no 
same . „ will nevert ^ and 

scope of the —on .s thereby ^ ^ ^ 

furth er modifications o the ^ 
applications of the pnnc.ples of the mve 
big contemplated as would normaily occur to one skilled 
art to which the invention relates. 

-•„„ elates in certain aspects to 
As described above, the — ^ rf _ 

osteogenic sponge ^ZZ ^ for inducing bone growth in 

t0ne T7heTetn — n features osteogenic sponge 
mammals. The P resent es _ whe rein the 

compositions effective for use m P d id e a 

■-•v.-» hioh osteoinductive potential anu v 
compositions exhibit high osteoin _ preferred 

la sting mineral scaffold to support m*^ ^> as 
compositions include a porous, 

collagen in sponge form, and an °— ^ „ the 

, has heen found that the genetic 
amount of an osteogenic factor such a ^ 
protein (BMP), stimulates osteoclast to su h ^ & 

resorbable carrier is quickly resorbed and, the 
min eral component in the composition, causes the p rfo 
30 ^ composition to suffer in some cases o he - 
, observation of substantial bone ingrowth is sporad 

i- ™nee compos tions may be nigniy cue 
such non-m.neral.zed sponge P have 

for repair of bone defects in lower animals, such 
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th rate they' are less effective in large animals 
a faster bone growth rate, tney arc 

such as primates, including humans. 

f ^ nresent invention is the provision of 
Accordingly, a feature of the present ^ 

„ osteogen, composiuon m ^ of - ^ ^ 
sub stantial amount of a ^ ^ ^ ^ 

component that remams at the rn.pl ^ 

r ;^r£s; ~ - *. 

irJi he bone Oogenic protein in the composite. 
Z p^ent nvention also provides methods for using such 
The present in of bone trauma, disease and 

osteogenic compositions in ^treatnvm ^ ^ 

defects, for artificial arthrodeses, and for other 
bone formation is desired, especally m pnmates, 
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humans. 
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The sponge matrix material is preferably collagenous. A wide 
v ^ riagen materials are ^^Z^Z ^ 
Na tural, y occurring seance, 

Cerent types l-or absence of disuif.de cross- 

carbohydrate content and presence 
links . Types , and 11. collagen are two of ^ he mo 
sub types of collagen. Type 1 collagen - .-^J* ^ The 
bone whereas Type m collagen .s our ^ ^ 

collagen in the composition may be obtained 

collagen taown m the art . 

tendon, or cartage and punned ' * comme rcially. The 

Alternatively, the collagen may be purchased 
Alternauvery, ^.ferablv Type 1 bovine collagen, 

collagen in the composiuon is preferably iyp 

, rt,.r he atelopeptide collagen and/or 

rT^r^^ - d nbriiiar 
- ir^used. , — « - 
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, u r,«'t been reconstituted into its native 
been solubilized and has not been recon 

fibrillar form. 

The sponge carrier may also be formed of other natural or 
5 PC U trials, in action to or as an alternate to 
ollagen. For example, the sponge carrier may be formed of gelaun 
eC ro-ed gelati n,, in addition collagen or as an alternate o 
o iagen. Other natura! and synthetic polymers are also known for 
1 formation of biocompatible sponge materia,, and can be used 

10 herein. 

As indicated above, preferred compositions of the invention also 
includ e an osteoinductive factor, such as an <^^J^^ 
nucl eotide seouence encoding an osteoinduct, ve J»£ ^ 
, 5 associated with a promoter ( e. g . provided^ ma ve - ^ ~ „ 
vector) which drives expression of the gene mm 

vector) wm osteogenic factor 

nroduce an effective amount of the protein. 

produce an stimulates production 

utilized in the present invention can be one tnat L1 , „ 

utilized in tn p preferably a bone 

or activity of osteoblasts and osteoclasts. The lactor P 
or activity mineralization protein (LMF), or 

20 morphogenetic protein (BMP) or a L Recom binant 
rombrises a nucleotide sequence encoding a BMP or LMP. k 
comprises an commercially obtained or 

human BMPs are preferred and may ^ 
prepared as described and known in the art, e.g. m 
5 187 076 to Wozney et al, 5,366,875 to Wozney et al, 4,877,864 
5,187 ,V«o to wu jr =116 738 to Wang et al.; 

■ . i. cmA Q^2 to Wang et al. 5,llo,/oo lu & 
25 Wang et al.; 5,108,9^ to w<i 5 Patent 

, cmfi 748 to Wozney et al; and PCT Patent 
nil 649 to Wang et al.; 5,106,748 to wo^y 
5,013,649 to w 6 WOQ4/2693 to Celeste et al.; and 

Nos WO93/00432 to Wozney et al., W094/20^ 
W^L 2 to Celeste et al. Further, the osteoinductive factor may 
isola ted from bone. Methods for isolating BMP frorr .bone are scnbed 

a oQ4 7<^ to Urist and Urist et al., PNAS 
30 in U.S. Patent no. 4,294,753 to urist ai RM P-4 
- u rmp 2 frhBMP-2), recombinant human BMP 4 

Recombinant human BMP-2 (rnoivir 
"" Kec ° . ari RMP _ 7 (rhBMP-7) or heterodimers 

(rhBMP-4), recombinant human BMP I irnoivi j 
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«,t oreferred The' osteoinductive factor may also be LIM 
thereof are most preferred, in wnmnratine a gene 

mineralisation protein (LMP) or a suitable vector ^^J, in 
enC o dl n g the same operably associated «-P-- ^ ^ 
WO99/06563 (see also genbanlc acces.on • «0«5J^ ^ ^ 

invention, they are j jmnlant Most 

Ki^d cells derived from bone marrow or peripheral 
XTtL cens may be applied to tn„pon g e composite aiong 
with the osteogenic factor prior to implantation. 

The particulate mineral component includes a natural or 
syn Jc mineral that is effective in providing a scaffold for hone 

synuicu^ mineral may be, 

growth as the resorbable earner .sr^orbed^e m 

"e n lalcium phosphate, h.dro.apa^ 

I, biphasic calcium phosphate. These mineral 
, " purchased commercially or obtained or synthes^ed by methods 



known in the art. 



Biphasic caicium phosphate is a particularly preferred 

synthetic ceramic for use in the invention. Des.ably, such 
syntneuc ^ ^ & mca iciurn 
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^ , t-v, have a tnca.it.n-ii" 

biohasic calcium phosphate with have a 
bipnasic u^,^ sn-SO to about 



85:15. 
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,„ general, the amount of mineral in the osteogenic sponge 
composition must be sufficient to provide a scaffold that wrtl remam 
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in the patient for a period of time sufficient for the forma .on of 
osteoid in the void for which bone growth is desired. Really th» 
period of time will be about 6 to about 8 weeks. The mimmum level 
o! minera! that must be present in the composition » *o 
dependent on the activity of the BMP in the compose; the h.ghe 
the activity of the BMP, the greater the content of the m in eral 
matrix required to counter the osteoclastic potenUauon of the BMR 
The rate of resorption of the resorbable carrier also increases as the 
BMP concentration increases. 

,n preferred aspects of the invention, 1 the particulate 
mineral:resorbable sponge matrix weight ratio will be at least about 
4-1 more preferably at least about 10:1. .In particularly preferred 
sponge impiants, the particulate mineral will constitute at least 
95% by weight of the sponge implant. For example, highly effecuve 
sponge earner devices are provided wherein they compose about 
97% to about 99% by weight particulate mineral and about I A to 
about 3% of the collagen or other sponge-forming matrix matenal. 
Moreover, it is preferred that the minera! component have an 
average particle size of at least about 0.5 mm, more preferab y 
about 0.5 mm to about 5 mm, and most preferably about 1 mm to 
about 3 mm. 

To make the sponge implant, a collagen slurry may be formed as 
, known and preferably is chilled to increase its viscosity to help 
suspend the porous particulate mineral component. The porous 
particulate mineral is dispersed into the collagen slurry and gently 
mixed. After the porous particulate mineral component s 
uniformly dispersed in the slurry, the slurry is poured into sten le 
0 trays or other forms and freeze dried. The sheets of compose 
C sponge are then removed from the freeze drier and exposed to . 
" glu tera>dehyde cross-linking agent. The composite sponge formed 
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is generally three-dimensional* stable and can be sterilized and 
packaged in accordance with known procedures. 

Th e dimensions of the sponge produced may vary depending on 
*e appUcation. Dimensions of a typicai sponge are, for example, 
about 10 cm (length) x 7.5 cm (width) x 0.35 cm (he.ght). 

As one example, BMP or other osteogenic factors may be 
i Juded in the formed sponge by combining the BMP w,th a Uou.d 
H as known in the art and infusing the.Uo.uid into the sponge. 

As further enhancements of the compositions of the present 
• , „ those' skilled in the art will readily appreciate that other 
riritlllg -tors may be incorporated .to *. 

mposition. Such additional factors include host compaUb. 

ii o n ,toaranhic bone marrow, allograpnic 
osteogenic progenitor cells, autographic oon 

one marrow, transforming growth factor-, • " ^ ^ 
factor, platelet-derived growth factor, insuUn-hke grow* factor, 
microglobulin-P, antibiotics and steroids. 

In ye t another aspect of the invention, methods for inducing 
bo „e growth in mammals «. provided. The methods mclude 
p lid ng the above-described osteogenic sponge compo.uon and 
planting the composition at a site at which bone growth 
5 2 Z e g., to treat a disease, defect or location of trauma, and/or 
1 mote rtificia, arthrodesis. The hydrated sponge compos,- 

- «- » **** * e sponse int0 * e imp 



site. 



30 



Once in place, the osteogenic sponge composition w,.l effec-ly 
ind uce and support ingrowth of bone into the desired -a -" m a 
primate such as a human that exhibits a relatively s!ow rate of bone 
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formation compared to smaUer mammaU, such a, rodents or 
lit, Aithough the collagen carrier is resorbed « « 
th e substantial mineral component remains as a scaffold,ng 
support new bone growth in and through the desired area. 

The above osteogenic sponge .compositions of the present 
mention are especiaUy advantageous when used in bones or bon 
poruons that exhibit only low to moderate vasc»lanzaU- Such 
L to moderate vascularized regions exhib.t low rates of bone 
formation so rapid resorption of a carrier poses a problem. 
E^les of low to moderate vascularized sites include fcr 
"e, transverse processes or other posterior elements of the 

spine. 

An especially preferred use of the sponge compositions of the 
prelnt invention is as an implant to promote arthrodests between 
v ebrae in spinal fusions in humans or other primates, mcludmg 
: Idy, Posterior a, d /or posterolateral— techmoue. 
Although the rate of bone formation in the pnmate spme ts 
1 vely slow overall and thus will benefit generally *» th 
present invention, the elements to be fused in postenor and 

osterolateral fusions exhibit particularly .ow eves 
vascularization and thus fusions of these elements are expected 
benefit markedly from the invention. 

Moreover, the osteogenic sponge compositions «n be 
incorporated with a load-bearing member used m a sptnal fuston 
including hoUow spinal cages, dowe.s or other dev 1C es known m 
le art having a pocket, chamber or other mechanism for retamm 

ThP load-beanne member 
0 the osteogenic sponge compos-Uon. The load be * 

■: desirably will have a compressive strength of at least about 10,000 
' N Suitable such ,oad bearing members are described, for example 
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m SS22899 5785710, 5776199 and 5814084, 
in U S Patent Nos. 5522»yy, 

in u.s. r* reference in its entirety, 

each of which is hereby incorporated by reteren 

w> made to specific examples using the 
Reference will now be made to sp 
processes described above. It is to be understood that the 
Lamples are illustrative and not limiting of the invention. 

EXAMPLE 1 

PREPARATION OF C^POSITO 
BONE PARTICLE COMPOSITE 

12 grams of deproteinized cortical bone chips', 1-3 mm in size 

to 12 grams of collagen slurry (0.192 grams of 
were added to . lz grcun 
collagen,. This composite slurry was poured 
„ cm mold, freeze dried, doubie sterile packaged, and stenhze 
ETO gas sterilization. 

EXAMPLE 2 
PREPARATION OF COLLAGEN SPONGE/ 
SYNTHETIC CERAMIC COMPOSITE 

20 

,2 .rams of biphasic calcium phosphate particles, 1 mm in 
dJlrwere ad/ed to !2 grams of collagen slurry ,0.92 ^ 
of conagen,. This composite slurry was poured mto a .7^ 
25 10 .0 cm moid, freeze dried, double sterne packaged, and stenhze 
by ETO gas sterilization. 

EXAMPLE 3 
PREPARATION OF COLLAGEN SPONGE/ 
BONE PARTICLE COMPOSITE 

30 

12 grams of deproteinized cortica! bone chips, 1-3 mm in size 
Zd to 24 grams of collagen slurry (0.192 grams of 
were added to J.*\ g™" oVSrmxlOO 
- collagen). This composite slurry was poured mto a 7.5 cm 10. 



cm mold, freeze dried, double sterile packaged, and steriiized by 
ETO gas sterilization. 

EXAMPLE 4 
PREPARATION OF COLLAGEN SPONGE/ 
SYNTHETIC CERAMIC COMPOSITE 

12 grams of biphasic calcium 'phosphate particles, 1 mm in 
diameter, were added to 24 grams of collagen slurry ,0,92 grams 
of collagen). This composite slurry was poured mto a 7.5 cm x 
10 .0 cm mold, freeze dried, double sterile packaged, and stenUzed 
by ETO gas sterilization. 

EXAMPLE 5 

■ 4 LS POSTEROLATERAL INTERTRANSVERSE PROCESS 

The present study was performed to determine the effect of 
the osteogenic sponge compositions of the present invention on 

SPin "perimenta, group included two adult rhesus monkeys 
Wacaca mulatto). The monkeys were anesthetized with 3-5 mg/kg 
elazol intramuscularly ,i.m.,. The anesthesia was mamtamed wt* 
! 5-2 0% isoflurane. After anesthesia was achieved, antmals wer 
shaved, prepared with betadine and sterily draped. The surreal 
site was infiltrated with 10-15 m, of 0.25% marcaine to «d w*h 
mediate postoperative analgesia. A 

incision was made over the lumbar some. The paraspmal musde 
were renected using elevators, exposing the lamma and * 
„ transverse processes of the L4 and L5 vertebra! bod*. The 

„f the two vertebrae to be fused were 
transverse processes of the two 

decorticated with an electric burr. 
<>' Composite sponges, having dimension of 3.5 cm x 1.4 cm x 

0.35 cm, were prepared using techniques as described in Examples 
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• , a' a ' a weiaht basis, 97% biphasic 
a o The soonges included, on a weigm u 
land 2. Thesp ° ng hvdroxya patite and 85% tricalcmm 

calcium phosphate (loA h « P Recombinant 
phosphate, 1 mm particle size) and 3/. collagen 
human BMP-2 <rhBMP-2, was prepared at a ^ 
mg/ ml in a buffered solution. Each sponge was mfused w*h 1.5 
ml of the rhBMP-2 solution. . 

The sponges were placed in the paraspmal bed dl rectly 
top of and bridging the two adjacent transverse processes. Th 
sponges were placed bilateral*, with two sponges (one on top of the 
ler on each side of the spine, resulting m a total dose of 9 mg 
hB MP- 2 Per ^ant site. The animais were allowed to recove r£ 
moV e around ad .ibitum without restrictions dunng the study 

Peri ° d Th e spines were manual* assessed for fusion upon sacrifice 
(2 4 and 6 months, and determined to be fused based upon the 
HZ of motion during attempted bendmg, and presence of 

histological bridging bone. 

The fusions were also evaluated by CT scan at 2 and 

mrq 1 and 2 show the CT scans for 
months after implantation. FIGS. 1 ana z ^ 

months after p demons trate the sequence of 

rhBMP-2 On the far left of the figures are three CT sections 
• Zy spaced throughout the fusion mass at 2 months pos - 
o ; le showing that resorption of the composite sponge ^ 
, about complete due to the iaclc of radiopacrty of * 

, u CT sections show these same three li 

granules. The three m.ddle CT secuo ^ 

sections at four months with mcreased bone depos.ho 
Let once resided. The composite sponge has 
^ce the soft tissue site for a sufficient enough pen^dof 

fnr the desired volume of new bone depos.tion to occur. 
30 ume for the deseed ^ 

Finally, the far nght three CT scans sn 
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^ ^tiiration with the formation of outer 
deposition, remodeiing and ^ ™ mass es by six months, 
cortices around the penphery of the fusion 



